During the last ten years, the problem of air pollution in Italy has been the subject of many investigations. In this paper only main findings will be reported and discussed.
Sources and Nature ofthe Air Pollution Extensive investigations have been carried out in some towns of northern Italy in co-operation with the local health authorities; they have shown that in Milan (Giovanardi 1956 (Giovanardi , 1959 Pavelka & Manci 1958 D'Ambrosio 1959; Vigliani & Zurlo 1958) , in Bologna ( Olivo 1959 , Zanetti et al. 1960 ), in Padua (Paccagnella & Fontanella 1959 and in Modena (Fabio et al. 1961 , Cremonini & Nieri 1961 , Fabio et al. 1963 ) a common type of pollution is present, much of which (60-70 % and more) comes from domestic combustion and motor traffic. But in other towns, namely Genoa-Savona , Mestre-Marghera (Paccagnella & Fontanella 1961) , Terni (Candeli et al. 1957 , Candeli & Barro 1959 , Candeli et al. 1961 , Sesto San Giovanni-Pero (Giovanardi 1959) , the influence of industrial plants exceeds other sources. However, it should be noted that the pollutants of industrial origin (compounds of sulphur, nitrogen, chlorine and fluorine) were also detected sporadically in Milan (Grosso 1958) and in other towns of the first group. Pollution due to motor car exhausts, as shown by CO measurements in Rome (Del Vecchio et al. 1956 ), in Milan (Giubileo 1957 , Grosso 1958 , in Genoa (Kanitz & Guano 1960) , in Naples (Giuliani & Belli 1955 , Di Lullo 1960 and in Turin (Turletti & Trompeo 1961) remains, so far, at rather low levels; symptoms of chronic intoxication from CO in persons exposed by virtue of their occupation (policemen, bus-drivers) have not been described; only in the dense traffic in the tunnels of Rome and Genoa were CO concentrations as high as 400 ppm sporadically detected. In Palermo (D'Ambrosio & Campanella 1955 ), in Milan (D'Ambrosio et al. 1958 and in Bologna (Zanetti et al. 1960 , Zanetti & Cutrufelli 1961 , 3,4-benzpyrene was studied; its maximal concentrations were found in winter time (up to 30 0-33 0 pg/100 cu.m in Milan and 9 3 ,ug/100 cu.m in Bologna).
The greatest sources of atmospheric pollution in inland towns of northern Italy are the domestic heating plants badly operated with poor quality fuels. This is shown by the following observations:
(1) The maximal levels of SO2, suspended matter and deposited matter have been observed in winter when the heating plants were running (Table 1 ).
(2) SO2 and suspended matter (pollutants to which the main biological effects are ascribed) are generally found in higher concentrations in the central districts of the city (residential and business area) than in the suburban districts with a lower population density or where there may be industrial plants.
(3) The highest SO2 concentrations are found at the beginning and at the end of the day, namely during the periods of the greatest activity of the heating plants, and the lowest are found during the night when the plants work at reduced rate or are shut.
Among the factors affecting the concentration of atmospheric pollution in some Italian towns, their structure and climatic conditions deserve special mention. The city of Milan is typical with its radial pattern of long, narrow streets and with massed buildings towards the city centre. The climate of the Po valley is characterized by rather frequent occurrence of thermal inversions. For this reason atmospheric pollution is more severe in Milan than in other Italian towns, as seen in Fig 1; the S02 concentrations detected in this city and shown in Fig 1 correspond to the period December 1963 -January 1964 and are the highest reported in recent years; this was during a period of thermal inversion with intense and prolonged fog and no wind.
Air Pollution Outdoors and Indoors
Another problem which has been studied was the relationship between atmospheric pollution outdoors and the pollution of the air in rooms of buildings of different kinds.
The investigations were carried out by the Institute of Sanitary schools and hospitals, were repeatedly examined and compared (as far as ventilation, heating, presence of people, &c., were concerned) with the following results:
(1) The S02 concentrations observed in the rooms with windows and doors closed were always lower than those found outdoors in the same area and at the same time (13-58o% of the corresponding outdoor values).
(2) When the ventilation was increased sulphur dioxide concentrations tended to reach the values of the open air.
(3) The activity of people in the rooms, the cleaning, the heating (by central heating plants) exerted no influence on the concentrations of SO2.
(4) The amount of suspended matter indoors was found to be lower than outdoors in 700% of the cases; in the remaining 30 % it was equal or (seldom) higher. (5) The presence of people in the rooms appeared to be responsible for the increase of the suspended matter.
In conclusion, the concentration of SO2 found indoors appears to be related to the ventilation. The lower S02 concentrations found in the rooms with windows and doors closed are very likely explained by factors inducing an elimination or a fixation of the pollutant: man by breathing might retain a part of SO2; the plaster and curtains might fix or adsorb it; in some places (e.g. laboratories) SO2 might react with chemical compounds. These factors very likely affect the amounts of suspended matter coming from outdoors; but in this case some sources of internal dust production (presence of people, cleaning operations and also convection currents produced by radiators) could interfere by raising and keeping in suspension the dust particles.
Comparative microscopic examination of the dust contained in the air of the same room, in the presence or absence of people, and with or without central heating running, has revealed some differences in the nature and size of the dust particles.
Statistical Investigations on Mortality from Respiratory Diseases
As an introduction to the epidemiological survey to be outlined, one of us (E Grosso) has carried out a study on the variations of death rates from respiratory diseases (chronic bronchitis and malignant tumours) by sex, age, administrative districts and socio-economic conditions, derived from the official records, for the period 1913-59. Northern and southern Italy are quite different as far as socio-economic status, industrial development and sanitary conditions are concerned; in particular, atmospheric pollution reaches the highest levels only in some towns of northern Italy.
This study, as will be seen later, did not, unfortunately, yield any valid information on the epidemiology of chronic bronchitis and of malignant tumours of the respiratory tract. This failure was due to the incompleteness of official vital statistics, and to the difficulty of diagnosis of the final causes of death, whose nomenclature has been changed several times in the last fifty years.
Crude death rates from chronic bronchitis show irregular variation from 1913 to 1929 (Fig 2) . After a peak in 1917 (correlated with pandemic influenza: 28-8 per 100,000 persons), it decreases (least rate, 15-3, reached in 1923) and then rises again until 1929 (34-1). From this year to 1945 it decreases again (a plateau is observed from 1935 to 1943), then a new rise is recorded. Death rates in 1956 and in 1959 were, respectively, 20-2 and 17-5 per 100,000.
The rates by sex are higher for men (22-1 in 1959) than for women (13-8 in the same year).
The rise in death rate is limited to the groups aged 40 and over, and becomes more and more pronounced with the increase in age.
A similar picture is seen in every region. Surprisingly, the maximum relative values have 55 been observed in southern Italy, where the atmospheric pollution is practically negligible. For instance, in 1952 in Basilicata and Campania (southern Italy) crude death rates were 16-4 and 17i1, whilst in Piemonte and Lombardia the rates were 14-9 and 9-1 per 100,000.
Mortality from malignant tumours of the respiratory tract has been recorded in Italian vital statistics only since 1932. Death rates from malignant tumours were relatively low between 1932 and 1944 (from 2-3 to 4-1), while they increased dramatically up to 16-5 in 1959 (Fig 3) . The rates are always higher for men than for women (in 1932: men 3-3, women 1-3; in 1959: 27-9 and 5-5).
When the rates are standardized for age, it can be seen that the increase is not due to the ageing of the population. Indeed, the maximum increases are in the age groups 60-70 (men) and 70 and over (women). Under 30 years of age, the mortality remains low and unchanged over all the period.
The regions fall into two groups with differing death rates: One group with rates of 17-7 and more in 1959 (Liguria, Veneto, Lombardia, Piemonte, Lazio and Toscana), another with lower rates (Puglia, Marche, Sicily, Umbria, Sardinia, Abruzzi e Molise, Calabria and Basilicata). In addition, the former shows a more impressive increase. The values reported for Liguria are exceptionally high: 31-4 per 100,000 in 1959. Year 1935 19I0 1945 1950 Mortality from malignant tumours of the respiratory tract in Italy, The death rates are in any case higher in industrial areas of northern Italy (more than 26-0 per 100,000: Genoa, Milan, Venice). Next in order of magnitude are the southern industrial (Rome and Naples) and northern agricultural districts (Mantua), at the same levels, with rates between 13-1 and 23 2. The agricultural districts of southern Italy (Bari, Potenza) come last, with rates between 6-0 and 10-0 per 100,000.
The increasing mortality from malignant lung tumours, in Italy, has recently been the object of other investigations, aimed at evaluating the influences of tobacco, industrialization, climate, refining of diagnostic procedures, &c. (Agnese 1958 , Agnese et al. 1959 .
Epidemiological Investigations
Among the respiratory tract diseases, chronic bronchitis and lung cancer are the ones for which a relationship with atmospheric pollution is suspected because of the greater prevalence of the diseases among urban than among rural populations, and the presence, in the urban atmosphere, of pollutants, some simply irritant (SO2), others definitely carcinogenic (3,4-benzpyrene) or cocarcinogenic (arsenic). A clear evaluation of this relationship is difficult, as many factors of different nature (biological, socio-economic and even climatic in the case of chronic bronchitis), whose separate effects are difficult to assess, are involved in the genesis of these diseases.
An attempt to correlate atmospheric pollution with some respiratory diseases (mainly chronic bronchitis) is under way in the Hygiene Institutes of Bologna, Genoa, Ferrara and Milan. Zanetti (1961) , during the winters from 1958 to 1961, chose six town districts in Bologna with different degrees of atmospheric pollution. In each he studied the morbidity from some respiratory diseases in relation to SO2, barometric pressure, relative humidity and temperature. The morbidity data were obtained from hospital records.
The highest morbidity occurred in the most polluted districts. Variations in morbidity were directly correlated with SO2 concentrations, and inversely with temperature. No correlations were found with humidity and pressure.
In Genoa, Petrilli et al. (1962) studied the incidence of acute and subacute respiratory diseases among the children of primary schools situated in two areas with different levels of air pollution. In the first (an industrial area), SO2 average daily value was 0 45 ppm from December to February; suspended matter 0 65 mg/cu.m; in the second (a residential area) the values were respectively 0 01 ppm and 0 1 1 mg/cu.m.
No differences were detected as far as influenza, pharyngitis, tracheitis, &c., are concerned. A statistically significant difference appears only for bronchitis, which was more frequent and of longer duration in the industrial area. report the same observations for the months March, April and May, thus emphasizing the greater importance of air pollution than of climatic factors in the oetiology of this disease.
In Genoa, Petrilli & Agnese (1962) carried out a survey on the frequency of respiratory affections among persons of 64 years of age or more in four areas with different degrees of air pollution. On an individual questionnaire the following data were recorded: previous diseases, the symptoms of involvement of respiratory tract and their pers.stence. The four groups according to the AA were homogeneous as far as economic and hygienic conditions, housing, time of residence, incidence of cardiovascular diseases, &c., were concerned.
The lowest frequency of the symptoms studied and of respiratory affections (bronchitis) was found in the least polluted area (Quinto). According to the AA, the persistence of the symptoms during summertime tends to minimize the influence of climate.
In Ferrara, Paccagnella (1963, personal communication) related the frequency of respiratory diseases in school children with temperature and humidity and some indices of atmospheric pollution (SO2 and smoke). One school was within the city limits and three were in the suburban fringes, two of which surrounded the industrial area. The observed frequencies of the diseases appeared to be correlated with the four factors (temperature, humidity, SO2, smoke) considered together (according to the 'multiple correlation coefficient' technique). Furthermore the highest values of this co-efficient were obtained when the correlation was computed between the morbidity on a given day and the other values recorded twenty-four hours before, indicating that the effects on health occur one day after the changes of the four external factors evaluated together.
In Milan, since the winter 1962-3, the Institute of Hygiene and the Institute of Physiology, University of Milan, and the Institute of Sanitary Engineering, Polytechnic of Milan, have been studying the influence of atmospheric pollution on the clinical behaviour of chronic bronchitis: (a) in hospital patients and (b) in retired persons and industrial workers. All the subjects were over the age of 40. Before the survey and for the two following months the 12 subjects of the first group were submitted weekly to full spirometry (vital capacity, residual volume, total lung volume, forced respiratory volume, Tiffeneau and Motley indices; vital capacity and Tiffeneau index were also observed daily); SO2 concentration and suspended matter in the air outside the hospital wards were measured daily. For each subject a questionnaire was prepared according to the original form of the Medical Research Council Committee on AEtiology of Bronchitis.
The results from these 12 patients, divided into groups of 4, are shown in Figs 4, 5 and 6, where the amount of sputum (abundant, moderate and scanty) is reported together with the value of SO2 and suspended matter of the air. It is evident that the quantity of sputum decreases as the content of SO2 and of suspended matter decreases, even though there is no clear relation between the greatest pollution and the highest amount of sputum. The correlation coefficients computed for the amount of sputum and the indices of atmospheric pollution gave significant values only for the patients excreting a scanty amount of sputum; however, for this group of patients a similar correlation appears between the amount of sputum and the climatic factors (air temperature and humidity expressed as 'equivalent temperature'); so that it still remains to be established whether and to what extent atmospheric pollution is relevant.
The respiratory function indices appear to be quite independent of atmospheric pollution, and we are convinced that they are not suitable for this kind of study.
In the group of 78 subjects studied at home by a tri-weekly medical examination and monthly spirometric tests, the only fact we could demonstrate was a progressive improvement in the tter mg/m3 I-' .,-;Z, i I / / ,/ / 10 U-U l) l I nnA I '/' respiratory symptoms with the decrease of atmospheric pollution and the end of the winter season.
In order to evaluate separately the influence exerted by atmospheric pollution and climatic factors, investigations were started during the winter 1963-4 on a group of hospitalized chronic bronchitis patients. Clinical examinations were performed more frequently and the most suitable tests of respiratory function (inspiratory and expiratory flow, mixing) were employed. Moreover, a group of subjects particularly exposed to atmospheric pollution because of their job (sweepers) was studied in connexion with a comparable group of sweepers acting in a nonpolluted area. The many data just collected are now being analysed and the findings will be reported as soon as they become available.
Conclusions
The investigations carried out in Italy and briefly reported here have yielded information about atmospheric pollution, mainly in the northern towns. In some (Milan, Bologna, Padua, Modena) pollution is due mainly to domestic heating plants; in others (Genoa-Savona, Mestre-Marghera, Terni, Sesto San Giovanni, Pero) industrial plants are the major sources of pollution.
During the last few months the Public Health Ministry and its peripheral branches have been preparing new regulations to replace the present fuels with better ones, as well as rules for operating the plants. A more rational town planning of the residential and industrial areas and the centralization of heating plants are being considered.
However, there is a point which our investigations have not yet fully explained: the relationship between atmospheric pollution and acute and chronic affections of the respiratory tract such as chronic broncbitis and lung cancer. It is possible that the methods followed hitherto are not sensitive enough or are unsuitable. In the case of chronic bronchitis it is difficult to discriminate between the effects of pollution and of climatic conditions, which are certainly connected with the diseases of the respiratory tract.
